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(54) Solar cell powered smart card with Integrated display and Interface 

(57) A smart card (SO) transfers information 
between the smart card and an external system (24) 
while having the capability of being accessed by a user. 
The smart card includes a microprocessing unit (MPU) 
(18) for executing instructions stored in memory, a dis- 
play (28), coupled to the MPU, for displaying informa- 
tion, a keypad (26). coupled to the MPU and to the 
display, for entering data by the user, an interlace 
(54,58) for transferring signals between smart card and 
the external system when the smart card is coupled to 
the external system, and photovoltaic eels (52) tor pro- 
viding power to the smart card when the smart card is 
exposed to light. The smart card does not require the 
use of a bulky and inflexible battery and since the solar 
cells used are flexfcis, the flexibility of the smart card is 
maintained. 
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Description 

This invention relates to smart cards and, in partic- 
ular, to smart cards bains powered by solar eels and 
having integrated display and interface keypad. 

A smart card is an electronic device typically includ- 
ing a microprocessing unit and a memory suitable tor 
encapsulating within a small flexfole plastic card, for 
example, one that is about the size of a credit card. The 
smart card addflfonaJy includes some form of an inter- 
lace for communicating with an external system Typical 
applications for such smart cards include the transfer of 
information of al types relative to banking, transporta- 
tion, subscriber, health and identification . 

Referring to FIG, 1, a block diagram illustrating the 
components comprising prior art smart card 10 is 
shown. Card 10 indues processor 1? befog coupled to 
etectneafry erasable programmable read-only memory 
(EEPROM) 14, read only memory {ROM} 15 and ran- 
dom access memory (RAM) 16 wherein components 
12-16 may be fabricated onto a single integrated chip 
comprising a microprocessings/controller unit (MPU) 18, 
as is well known in the art wherein processor 12 exe- 
cutes instruction stored on ROM 15 and temporarily 
stores data on RAM 16 and wherein EEPROM 14 is a 
non-volatile memory used for storing data identifying 
the uniqueness of smart card 10. 

Smart card 10 additionally includes input/output 
(VO) signal interface 20 tor traraiemng various IA0 sig- 
nals between smart caid 10 and an external system 24. 
Interface 20 may take the form of a contact Menace, 
which requires that smart card 10 come into contact 
with tie external system, or a peripheral thereof, tor 
proper transfer of signals. Alternately, interface 20 may 
take the form of an radto-frequency (RF) interface for 
al owing commurncafcon between the smart card and 
the external system via the transmssion and reception 
of RF signals. External system 24 may take the form, for 
example, of a card reader, a merchant's point of sale 
system or an automated teller machine, 

Typically, the normal method of supplying power to 
smart card 10 is to supply power to the smart card from 
the externa) system 24 wfien the system cornrnunicates 
with smart card 10 This may be accomplished through 
interface 20. However, this means that smart card is 
only powered and its data is accessible only when smart 
card 10 is connected to external system 24. 

However, when using a smart card not in conjunc- 
tion with the external system, the user of the smart care 
may have a need to verify or check information on the 
card to insure that a particular transaction was per- 
formed correctly, or to access a current balance of an 
account, or other personal information stored on the 
card. However, the above-described smart card does 
not possess such a capability since it does not provide 
a display for viewing such information, and no power is 
provided to the smart unless the smart card is con- 



nected to an external system. 

Accordingly, it would be desirable to provide a 
smart card having an integrated display, power source 
and an interface keypad for allowing its user to access 
s information stored on the card white not being con- 
nected to the external system 

Summary of the Invention 

10 In accordance with the present invention, a novel 
photovottaic-powered smart card for transferring infor- 
mation between the smart card and an external system 
while having the capablity of being accessed by a user 
is disclosed. The smart card includes a microprocess- 

is mg unit (MPU) for executing instructor* stored in mem- 
ory, a display, coupled to the MPU, for displaying 
infor matron, a' keypad, coupled to the MPU and to the 
display, for entering data by the user, an interface for 
transferring signals between smart card and the exter- 

20 naJ system when the smart card is coupled to the exter- 
nal system, and photovoltaic celts tor providing power to 
the smart card when the smart card is exposed to light 
The solar -powered smart card does not require the use 
of a bulky and inflexible battery and since the solar cells 

25 and ofepiay used are flexible, the flexibility of the smart 
card is maintained 

BfMDfggytipn pf the Drawings 

30 A more complete understanding of the present 
invention may be derived by referring to the detailed 
description and claims when considered In exjunction 
with the drawings, wherein Iks reference numbers refer 
to similar items throughout the drawings; and 

35 

FIG. 1 is a btock diagram iustrating a prior art 
smart card, and 

FIG, 2 is a detailed block cfag/am of a photovoltaic 
(solar} cell powered smart card having an tote 
*J grated display and interface keypad in accordance 
with the present invention. 

Detailed Description of the Preferred Embodiment 

45 As described above, a smart card is an electronic 
device that is capable of storing various information for 
performing a wtoe variety of transactions, such as point- 
of-sale transactions. However, when the smart card is 
not used to conjunction with an external system, no 

so power is supplied to the smart card and, thus, the user 
of the smart card has no way of accessing vital informa- 
tion stored therein. For example, the user may have a 
need to access information on the smart card to insure 
that a particular transaction was performed correctly by 

55 a merchant, or to access a current balance of an 
account, as well as other information stored on the card. 

The incorporation of a battery onto a smart card 
would provide the proper operating potential to the proc- 
essor/controller of the smart card when the user is 
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accessing the smart card whan not in connection with 
an external system. However, the iricorporatien of a bat- 
tery onto a smart card has a number of disadvantages 
associated therewith. First, the battery typically 
increases the size/thickness and weight of the smart s 
card. Second, batteries are relatively expensive and, 
thus, substantially increases the cost of tie smart card. 
Third, since batteries need to be periodically replaced 
or recharged, easy and convenient access to the bat- 
tery must be provided for removal of the battery. This w 
tends to increase the cost of the card as well as 
decrease the flexibility of the card. Fourth, the size and 
bulWness of the battery decreases the flexibility of the 
smart card. This decrease in flexibility may cause elec- 
trical damage when the user places the smart card in a is 
billfold for storage. Fifth, the use of a battery also 
requires the use of an on/off switch, 

Referring to FIG. 2, a detailed block diagram illus- 
trating smart card 50 is shown for verifying and/or 
accessing information on card 50 while not requiring so 
connection or coupling to an external system. Smart 
card 50 additionally includes keypad 26 and display 28 
both of which are coupled to controller or microprocess- 
ing unit (MPU) 18. Smart card 50 has the advantage of 
slowing the individual user of smart card 50 to conwerv 25 
f entry access data stored within MPU 18 via keypad 26 
and display 28. For example, the user may enter input 
data to smart card 50 via keypad 2a and data returned 
from smart card 50 may be viewed on display 28. 

Smart card 50 additionally includes a power source 30 
that takes the form of photovoltaic cells 52 for providing 
power to the electronics within smart card 50. In a pre- 
ferred embodiment photovoltaic cells 52 may take the 
form of solar cells. Smart card 50 also includes contact 
interface 54 and/or contact) ess interface 56 and signal 3S 
I/O interface 62 for independently or selectively provid- 
ing communication between smart card 50 and external 
system 24 by either signals coming into contact with 
smart card 50, via contact Interface 54, or by wireless 
signals, for example, radio-frequency (RF) signals, optj- 40 
cal signals or capacitrve or inductive coupled signals, 
being transmitted or received by smart card 50 via con- 
tact) ess interface 56. 

Also, power interface 58 provides power to MPU 18, 
keypad 26 and display 28 via power bus 60 by selec- 4S 
tively providing power from solar cells 52 or from exter- 
nal system 24 via contact interface 54 or contacttess 
interface 56 

Solar cells 52 provide power to smart card 50 
whenever smart card 50 is exposed to light This elimi- so 
nates the need for a battery and its above-mentioned 
disadvantages as well as the need for an on/off switch. 
However, since the light source may not be available 
when the card is inserted into, for example, a card 
reader, power should also be supplied via the card ss 
readers contact or the card reader's supplied RF field 
for normal machine Information exchanges Accord- 
ingly, power to smart card 50 of the present invention 
may also be provided from an external system that com- 



municatee with smart card 50 either through contact 
interface 54 or contactJess interface 56. 

The use of solar cells 52 tor powering smart card 50 
maintains the flexfcilitv of smart card 50 because solar 
cells 52 may take the form, for example, of flexible solar 
cells, or may comprise Individual solar cells mounted to 
the core laminate of the smart card and electrically cou- 
pled by conductors, for example, copper track, in a par- 
allel/series combination in order to obtain a desired and 
proper power level. Accordingly by mounting the cells 
individually with separation between them, the required 
flexibility would be obtained. This maintains flexibility of 
the card so that It can be bent when in the users billfold 
while still allowing the user to access Information from 
the smart card without requiring an external battery. 

Display 28 is typically a liquid crystal display (LCD) . 
For simple smart cards, display 28 may take the form of 
a single character, or a small single line display, for dis- 
playing only one data Item, tor example, the amount left 
on a prepaid card. However, for more expansive and 
elaborate smart cards, display 28 may take the form of 
a multiple line alpha-numeric LCD display for executing 
menu driven applications between the card and the 
user. The flexibility of smart card 50 is maintained with 
the use of display 28 since display 28 may take the form 
of a flexible LCD or could comprise of individual LCD 
elements mounted to the core laminate of the card and 
connected by conductors to the segment drivers. 
Accordingly, by mounting the elements individually with 
separation between, the required flexibility would be 
obtained. 

Keypad 26 of smart card 50 may require no 
switches for a simple readout of one data item, or may 
comprise one switch for allowing the user to scroll down 
through a fixed set of data, or may comprise an alpha- 
numeric keypad to allow the user to enter and retrieve 
data based on a menu shown on display 28. 

While the invention has been described in conjunc- 
tion with specific embodiments thereof, many alterna- 
tives, modifications and variations will be apparent to 
those of ordinary skill in the art in light of the foregoing 
description. For example, controller 18 may also take 
the form of a state machine, implemented on an appli- 
cation-specific integrated circuit (ASIC) Accordingly, 
the invention is intended to embrace all such alter na- 
tives, modif ications and variations as fall within the spirit 
and broad scope of appended claims. 

Claims 

1. A smart card for transferring information between 
the smart card and an external system, the smart 
card having the capability of being accessed by a 
user, the smart card comprising: 

a controller unit for controlling an operation of 
the smart card; 

a display, coupled to said controller unit for dis- 
playing information; 
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a keypad, coupled to said controller unit and to 
said display, for entering data by the user; 
an interface for transferring agnate between 
fte smart card and the external system when 
the smart card is coupled to the external sys- 5 
tern; and 

a power source lor providing power to the 
smart card when the smart card is exposed to 
ight 

to 

2. The smart card of daim 1 wherein said power 
source includes photovoltaic cells. 

a. The smart card of dam 1 wherein said power 
source includes solar cells. ** 

4. The smart card of daim 1 wherein said power 
source is comprised of flextte solar eels thereby 
maintaining the flexibility of the smart card. 

so 

5. The smart card of claim 1 wherein power source Is 
comprised of a plurality of individual solar cells 
mourned to the smart card and electrically coupled 
to obtain a desired power level and wherein each of 
the solar cells are mounted with separation 25 
between each other thereby maintaining the flexibil- 
ity erf the smart card. 

6. The smart card of claim 1 wherein power may also 

be provided to the smart card from the external sys- so 
tern through said interface. 

7. The smart card of daim 1 wherein said interface is 
■ contact interface whereby communication of infor- 
mation between the smart card and the external as 
system is accomplished by the smart card coming 
into contact with the external system. 

8. The smart card of claim 1 wherein said interface is 

a contact! ess interface whereby communication erf *o 
information between the smart card and the exter- 
na) system is accomplished via wireless signals 

9. The smart card of claim 1 further including a power 
interface for selectively powering the smart card *s 
with either power from said solar cell means or 
power from the external system via said interface. 

10. The smart card of claim 1 wherein said power 
source is utilzed when the smart card is not h con- 50 

nectjon with the external system. 
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(54) Solar cell powered smart card with Integrated display and Interface 



(57) A smart card (50) transfers information 
between the smart card and an external system (24) 
while having the capability of being accessed by a user. 
The smart card Includes a microprocessing unit (MP LI) 
(18) for executing inetructjons stored in memory, a dis- 
play (28), coupled to the MPU, for displaying informa- 
tion, a keypad (26), coupled to the MPU and to the 
display, for entering data by the user, an interface 
(54,56) for transferring signals between smart card and 



the external system when the smart card is coupled to 
the external system, and photovoltaic cells (52) for pro- 
viding power to the smart card when the smart card Is 
exposed to light The smart card does not require the 
use of a bulky and inflexbte battery and since the solar 
cells used are flexible, the fiexfbiSty of the smart card is 
maintained. 
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Smart card wherein power may be provider either from the 
external or from solar cells provided on the card. 
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